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Abstract. Rainbow trout (Oncorhynchus mykiss) was submitted for various slaughter and 
bleeding procedures to see what effect this would have on blood drainage of the muscles. Results 
show that the bleeding method is of less importance, while it is the timing that is important. No 
significant difference in bloodspotting was observed between fish that were bled live by a gill cut or 
percussive killed and bled by gutting. Most of the drainage of blood in the fish muscle seems to occur 
within the first hours postmortem, so rigor mortis is of little importance. The visual appearance of the 
fillet was influenced by number and size of the bloodstains. Colour measurements with Hunter L*, a*, 
b* did not reveal this. We conclude that a gill cut is not necessarily to obtain bleeding, so the industry 
can omit this phase and go directly to gutting. 
 




Farmed rainbow trout (Oncorhynchus mykiss) are commonly killed and bled by 
cutting one or two sets of gill arches prior to gutting. This procedure is built on a general 
belief that the heart plays an active role in bleeding of fish (Botta et al., 1986). In traditional 
fisheries, bleeding prior to gutting is important since it can be several hours or days between 
harvest and gutting (Valdimarsson et al., 1987). However, farmed fish are often harvested at a 
slaughtering facility where gutting can be performed once the fish is properly killed. Since 
bleeding requires extra space, workers, equipment and time, a more appropriate approach 
would be to skip bleeding and go directly to gutting. Compared to mammals, fish contain far 
less blood volume only, 1.5–6% of the total body weight depending on species (Smith, 1966). 
In the circulatory system, the atrial filling of blood in fish is maintained by Vis a tergo (force 
from behind) utilizing the potential and kinetic energy that remains in the venous circulation 
(Farrell, 1993). However when fish are exposed for severe exercise, hypoxia or hypercapnia 
fish can reduce the splanchic circulation as much as 60%, redirecting the circulation to the 
muscles (Thorarensen et al., 1993; Farell et al., 2001). 
Accordingly a gill or throat cut would to some extent halt the circulatory flow, but fish 
have the ability to lower the blood pressure at the venous side creating a pressure difference 
and maintain a blood flow. In fish, most of the blood volume is located on the venous side of 
the cardiovascular system. This means that by gutting, most of the blood would be removed 
along with intestines. How bleeding methods influence the muscular blood drainage is 
uncertain. Based on the anatomy of salmonids, direct gutting could be favorable for clearing 
the blood from the muscles. Since most of the blood in the posterior musculature drains 
thought the caudal vein and into the capillary beds surrounding the kidney tubules 
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(Thorarensen et al., 1991), gutting may remove the resistance in the kidney helping the blood 
to clear out. 
Previous reports on wild caught cod (Gadus morhua) show that the time elapsed 
between death and bleeding is more important for the overall quality than the bleeding 
method (Valdimarsson et al., 1987; Botta et al., 1986). Botta et al. (1986) reported a slight 
improvement in the overall quality if cod was first bled prior to gutting rather than gutted 
directly at 1 and 3 h postmortem. Furthermore, Botta et al. (1986) found no difference in 
amounts of blood caused by various slaughtering methods. In Atlantic salmon it has been 
reported that the method of slaughter and bleeding seems to have little influence on the blood 
content in the fillets (Robb et al., 2003). This indicates that opening of the major aorta and 
venous veins will provide sufficient bleeding. Despite this, reports from the fillet industry on 
salmon and trout show that poor bleeding from the muscle can be found even if the fish is 
bled and gutted shortly after harvest. Michie (2001) reported that depending on season, poor 
bleeding could account for as much as 19% of the downgrading in secondary processing and 
that stress or environment may be the exacerbating factors. This suggests that bleeding is also 
related to other factors during the slaughtering process rather than the bleeding method. 
The aim of this study is therefore to investigate the effect of different slaughtering 
procedures on bleeding in  rainbow trout. 
 
MATERIALS AND METHODS 
 
To evaluate the effect of various slaughtering procedures on bleeding of fish muscle, a 
total of 100 rainbow trout (O. mykiss) in the range of 1–2 kg  were used in two separate 
experiments. The experiments were carried out on the Blapis SA Farm of Prejmer. 
Prior to the experiments, all fish were starved for 1 week and allowed to rest for a 
minimum of 24 h after transport from the production site. The fish were slaughtered as 
practiced in commercial slaughtering, submitted to crowding, pumping and CO2 stunning 
prior to killing either by bleeding or by a percussive kill. CO2 stunning was carried out by 
keeping the fish in a tank of ice slurry, fully saturated with CO2 for a minimum of 3 min. The 
bleeding was performed either by cutting off one set of gill arches or the fish were directly 
gutted. After slaughter all fish were chilled in water at 2–4 C for 45 min, put in boxes of ice 
and stored at 0 C. After 3 days on ice, weight and fork length were measured before filleting. 
Each single fillet was marked with a plastic tag, and in one experiment colour Hunter L*, a* 
and b* were measured using a Miniscan from Hunter. The colour was measured at six 
locations, three on the dorsal part and three on the ventral part of the fillet. On both sides, the 
measurements were at the anterior, in the middle and at the caudal part of the fillet. The fillets 
were then salted, stored for 2 days and then smoked. During salting and smoking the 
bloodstains would oxidize and become distinct dark brown/red and easy to notice. The blood 
content of the fillet was evaluated by counting the total amount of bloodstains seen along the 
midline on the fillet. Since the veins along the belly could contain blood and the volume was 
difficult to numerate, subjective evaluation of bloodspotting was done in order to determine 
how the visual impression corresponded with objective counting. The subjective evaluation 
was done by ranking on a scale from 1 to 5 based on a general impression on how well the 
fish where bled (Table 1). 
                                                                                                                                      
                                                                                                                                 Tab. 1 
 
Visual determination of blood content in salted and smoked fish fillets by ranking on a scale from 1 to 5 
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Rank Description of bleeding Amount and size of visual bloodstains and veins 
1 Very good No bloodstains are seen. 
2 Good Bloodstains are scarce and less than 3 mm of size. Veins on the 
bellyflaps are not visible. 
3 Acceptable The bloodstains are easy to notice. The fish is not properly bled with 
1–2 spots N3 mm. 
The veins on the bellyflap are visible, but scarce. 
4 Not acceptable Numerous large bloodstains. Undoubtedly the fillet looks poorly bled. 
5 Rejected The fillet is totally damaged by huge and numerous blood spots. 
Rank of bleeding was subjectively evaluated based on the amount and size of blood spots seen. 
 
To differentiate between gill bleeding and gutting and its contribution to bleeding of 
the muscles, four groups consisting of 20 rainbow trout in each group were after CO2 stunning 
either: (a) percussive killed and gutted directly, (b) gill bled (live) for 45 min prior to gutting, 
(c) gill bled (live) for 45 min and not gutted, or (d) percussive killed and neither gill bled nor 
gutted. 
A total of 20 rainbow trout were submitted to physical treatment after 3 h postmortem, 
initiated with a 1 m drop to the ground, then bent 2 times on each side every 6 h for the next 
24 h. The idea for this experiment was to provoke internal injuries and hemorrhaging to reveal 
the importance of time and in the meantime study the importance of rigor mortis. 
For statistical analysis of the nonparametric results of rank of bleeding, Kruskal–
Wallis ANOVA and mean test were used as the statistical model. For the continuous variables 
such as number of blood spots, ttest and one-way ANOVA were used. In cases where 
replicates occurred as two fillets from the same fish, repeated-measures ANOVA was used. 
Adding a second variable with physically treated fish, factorial ANOVA was used. 
For analysis of bleeding and colour in relation to time, linear regression were used as 
the statistical model. The threshold level of significance were set as P <0.05. 
 
RESULTS AND DISCUSSION 
 
Counting bloodspots along the midline in salted and smoked fillets provided reliable 
data for quantfication of how well a fish had been bled. Smoking had a positive effect in 
visualizing the blood as it oxidized and became dark brown. Vacuum packing was not 
experienced to be a reliable method for evaluating the blood content in the fish. During 
vacuum packing some blood was forced out and thereby visible, but the amount of blood was 
difficult to quantify objectively. 
On smoked fillets, regression analysis combining all results from experiments 2 to 4 
show that the subjective ranking (Table 1) was a function of the number of observed 
bloodspots along the midline ( y = 1.54 + 0.2x; R = 0.78, N = 217, P < 0.0001), the belly         
( y = 1.80 + 0.2x; R = 0.67, N = 207, P < 0.0001) and all bloodspots together                              
(  y =1.54 + 0.11 x; R = 0.81, N = 207, P > 0.0001). 
The results from rainbow trout showed that there were no significant difference in 
bleeding either measuring by rank (Table 2) (P > 0.7; nonparametric ANOVA) or counting 
blood spots (Table 2) (P > 0.6; repeated ANOVA) between fish that were gutted directly, just 
gill cut or both. Poor bleeding was observed both by rank (Table 2) (P < 0.0001; 
nonparametric ANOVA) and counting blood spots (Table 2) (P < 0.0001; post hoc Tukey 
honest unequal N) within the group of fish that was neither bled nor gutted. Worst bleeding 
was observed in unbled fish that were submitted to physical treatment during rigor mortis. 
Physical handling of fish that had already been bled and gutted 3 h prior to treatment gave 
only a slight increase of ranking (P > 0.50; nonparametric ANOVA), while the number of 
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blood spots did slightly decrease compared to untreated fish (P > 0.8; factorial ANOVA). The 
orientation of the fish was of relevance, the lower fillet had a significantly higher number of 
bloodspots than the upper fillet (P < 0.005; repeated ANOVA), revealing that gravity is 
playing an important role, while the fish is stored. 
 
                                                                                                                                           Tab.2 






































Gill cut only 32 1.8 Upward 0.45a 0.05a 0.00a 0.50a 0.20 0.60a 1.10a 
   Downward 1.05a 0.60a 0.10a 1.75a 0.49 0.80a 1.45a 
Gill cut and 
gutted 
35.8 2 Upward 0.40a 0.05a 0.15 0.60a 0.37 0.00a 1.20a 
   Downward 0.35a 0.05a 0.30a 0.70a 0.31 0.25a 1.20a 
Gutted 
directly 
30 1.6 Upward 0.55a 0.05a 0.00a 0.60a 0.23 0.15a 1.00a 
   Downward 0.90a 0.20a 0.25a 1.35a 0.43 1.20a 1.40a 
Neither gill 
cut nor gutted 
28.5 1.4 Upward 5.40b 2.45b 0.65a 8.50b 1.24 6.05b 2.90b 
   Downward 8.95c 2.90b 1.80b 13.65c 1.53 6.20b 3.95b 
Bloodspots were measured along the midline. Blood filled veins were counted along the belly. In 
addition a subjective rank of bleeding was performed (Table 1). The orientation represents which side the fillet 
was stored until salting. For each column, different letters represent a statistical difference of P < 0.05. 
 
As the fish became less bled, the number of bloodspots did increase as well as the 
subjective rank given for the amount of blood seen (Table 1), but only to a certain extent. In 
fish that were poorly bled, the number of bloodspots did increase with time, while the 
subjectively ranking system failed to distinguish levels of poorly bled fish. Regression 
analysis shows that subjective ranking was dependent on the number of bloodspots seen along 
the midline and in the belly. However, results obtained from the midline provided a better 
correlation and a lower interception than the results obtained from the belly. Also to get a 
good visual impression of the bleeding in the belly flaps, the ventral ribs had to be sliced off 
carefully not removing the veins, which was time consuming. The visual appearance of the 
whole fillet, such as colour, was not influenced by the blood content of the fillet . There was a 
slight darkening of the fillets with increasing time and blood content, but the redness (a*) 
remained unaffected. We therefore conclude that counting bloodspots along the midline on 
salted and smoked fillets is a reliable and objective method for evaluating blood drainage of 
fish. 
Our findings confirm those of previous reports by Botta et al. (1986) and Robb et al. 
(2003), that bleeding is obtained just by cutting major aorta or veins. As shown in Table 2, 
frequent bloodspotting was only observed among fish that were neither bled nor gutted nor 
gill cut, while no difference could be observed among gill bled or directly gutted fish. This 
shows that a gill cut on live fish is not necessarily to obtain good blood drainage from the 
muscles and the industry can skip or reduce this phase and go directly to gutting. However 
several questions do arise on what mechanisms are important for bleeding from the muscles 
and why does poor bleeding suddenly occur? 
Despite the fact that the industry almost immediately gill bleeds the fish after stunning, 
poor bleeding is often reported. Other factors that might be of relevance on bleeding of fish is 
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muscle activity during bleeding. There is a general opinion in the industry that the fish has to 
„lively swim the blood aut”. From the results shown in Table 2, there is no difference between 
fish that were killed and gutted directly or fish that were active during bleeding. Also research 
done by Akse and Midling (1999) and Robb et al. (2003) indicates that muscle activity during 
bleeding is of minor influence, but still tonus and shivering could have an effect. Huss (1995) 
suggested that the blood drain from the muscles could occur during the onset of rigor mortis. 
This is reasonable, since rigor is likely to have a „sponge effect”, where the blood is 
physically squeezed out as the muscles are contracting. Bled rainbow trout submitted to 
physical treatment prior to the onset of rigor was not significantly different than fish without 
treatment. Previously, on cod, Valdimarsson et al. (1987) and Botta et al. (1986) reported that 
the time elapsed before bleeding was more relevant than the bleeding method. This indicates 
that the bleeding occurs within the first hours of death, and the procedure should be done 




There are several other possible reasons why poor bleeding may suddenly occur. One 
reason might be changes of the blood physiology caused by stress increasing the blood’s 
viscosity (Gallaugher et al., 1995) and its ability to clot (Casillas and Smith, 1977). Since fish 
do live in an aquatic environment, they have adapted a series of mechanisms for clotting 
wounds rapidly without the need of air. Besides having thrombocytes, fish can produce fibrin 
fibers which causes sticky lumps that can rapidly clot wounds. Stress is already known to 
increase the production of thrombocytes and fibrin fibers (Casillas and Smith, 1977). How 
much importance this has for bleeding, when several major arteries and veins are cut or 
detached, is not known. Other physiological factors that could be of relevance for causing 
bloodspotting, would be the blood volume in the muscles at time of death. When exposed for 
hypoxia, hypercapnia or just increased muscle activity, fish are able to decrease its circulatory 
demands in the intestines and thereby shift blood and circulatory flow to muscles (Farell et 
al., 2001; Thorarensen et al., 1993). We conclude that sufficient blood drain is obtained by 
gutting the fish directly. So as the salmon industry switches over to percussive stunning, 
direct gutting would be more appropriate instead of performing a gill cut and bleed-out in a 
separate tank. This would save the industry time, space, and investments. 
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